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Abstract

The yield and quality of biomass produced in a growing season determine feed allocation,
livestock performance, and system capacity and resilience. Congo grass (Urochloa ruziziensis,
UR) and Rhodes grass (Chloris gayana, CG) are important grass species for livestock in
Sub-Saharan Africa, where their high yield potential and adaptability provide leverage to
mitigate persistent feed gaps. This study investigated the morphological traits, biomass
yield, and nutritive value of UR and CG in the Northern Guinea Savanna of Nigeria over
three years (2019–2021) to assess their biomass yield and quality responses to successive
harvests. We hypothesised that UR would outperform CG in yield and quality over the
study period. Grasses were established in 2019, with multiple harvests annually from four
replicate plots per species. UR consistently produced more tillers and leaves per tussock
and achieved significantly higher biomass and crude protein (CP) yields at each harvest
(p < 0.001), averaging 32.2% and 38.4% greater biomass and CP, respectively, compared to
CG. Nutritional analysis revealed that CG contained 19.4% less CP, 23.4% less metabolisable
energy, and 22.7% less ash than UR, while having higher fibre fractions (p < 0.001). Overall,
UR demonstrated superior productivity and nutritional value under the tested conditions,
highlighting its potential as a more reliable forage option for farmers in the Northern
Guinea Savanna of Nigeria.

Keywords: yield; harvest; morphological characters; nutrient contents; Chloris gayana;
Urochloa ruziziensis

1. Introduction
Livestock products are in high demand in Sub-Saharan Africa (SSA), driven by popula-

tion growth, improved living conditions, urbanisation, and nutritional value [1]. However,
meeting this rising demand requires the overcoming of challenges, including insecurity,
climate change, and widespread low-productivity lands. The pronounced seasonality of
the region further exacerbates these constraints by creating nutritional feed gaps between
the wet and dry seasons, reducing forage availability and nutritive value needed to sustain
livestock health and productivity [2]. In many parts of SSA, herders depend heavily on
poor-quality forages from natural rangelands that have not been reseeded, fertilised, or
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systematically managed for productivity [3]. For example, in Nigeria alone, livestock graze
an estimated 34.1 million hectares of natural grassland [4], highlighting both the vast extent
of unimproved pastures and the urgent need to enhance their management through the
introduction of improved forage species. Such natural pastures are often inadequate in
quality and quantity, contributing to low animal performance. Forage plant breeding offers
a pathway to address these challenges by developing cultivars that enhance agricultural
productivity through increased annual biomass yield, persistence of perennial species, and
improved nutrition for livestock [5]. Tropical forage breeding, which gained momentum
in the mid-20th century [6], has achieved notable success with grasses such as Urochloa,
Cenchrus, Megathyrsus, and Chloris, now widely cultivated in tropical and subtropical
regions [7].

The grass genus of Urochloa is widely distributed across tropical and subtropical
regions, including West-Central Africa, Western India, Southeast Asia, and the Pacific [7,8].
Urochloa ruziziensis (R. Germ. & C.M. Evrard, Crins) (UR) originates from Ruzizi Valley in
eastern Democratic Republic of the Congo, Rwanda, and Burundi [9]. The grass is well
adapted to cut-and-carry systems with harvest intervals of about eight weeks [10] and
can tolerate periods of moderate to heavy grazing [11]. Reported biomass yields of UR
exceed 20 t DM/ha in Australia and South America and up to 25 t DM/ha in Sri Lanka with
the application of 366 kg N/ha fertiliser [12]. In terms of nutritional value, UR is highly
suited for ruminant feeding. Santana et al. [13] reported crude protein (CP) of 97 g/kg
DM, neutral detergent fibre (NDF) of 581 g/kg DM, and in vitro digestible dry matter
digestibility (IVDM) of 76.2%.

Chloris gayana Kunth (L. ‘t Mannetje & S.M.M. Kersten) (CG) is a perennial species
native to Africa and recognised as one of the most important warm-season forage grasses
in subtropical and tropical regions worldwide [14]. Due to climate change, it is increasingly
being introduced into temperate zones where rising minimum temperatures and winters
are less severe, enhancing adaptability in temperate climates [15]. The grass is noted for
its persistence, drought tolerance, and high productivity [16]. According to Murphy [17],
it can yield up to 30 t DM/ha, with yields ranging between 10 and 16 t DM/ha. The
nutritional composition of CG is highly variable and strongly influenced by environmental
conditions. In Australia, Jayasinghe et al. [18] reported that whole-plant samples contained
CP of 124 g/kg DM, NDF of 641 g/kg DM, IVDMD of 729 g/kg DM, and IVDNDF of
589 g/kg DM, along with ME of 8.9 MJ/kg DM. Daba et al. [19] observed CP concentrations
ranging from 35 to 61 g/kg DM and NDF values between 672 and 709 g/kg DM.

Understanding the biomass yield obtained from successive harvests during the grow-
ing season is essential for planning feeding budgets and for optimising herd sizes over
time [20,21]. This is particularly critical in Nigeria, where ruminant livestock populations
are projected to reach 207.8 million goats, 78.2 million sheep, and 53.6 million cattle by
2050 [22], requiring proper management to meet the protein need of a projected 398 million
people with the same period [23]. Meeting this demand will depend heavily on the availabil-
ity of high-yielding and quality forages. Although comparative studies on tropical forage
grasses have been conducted elsewhere, little is known about the performance of UR and
CG under Nigeria’s specific conditions, characterised by low-input smallholder systems,
variable rainfall, long dry seasons, and reliance on unimproved rangelands. This research
represents one of the first systematic on-station evaluations of UR and CG in the elevated,
cool tropical climate of the Northern Guinea Savanna. Using cut-and-carry management
practices relevant to local farmers, the study was designed to generate context-specific
data on biomass yield, persistence, and nutritional value. Addressing this knowledge gap
is critical for guiding the promotion of improved grasses across Nigeria’s diverse agroe-
cological zones. With ruminant populations and feed demand expected to rise sharply
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by 2050, the results from the study are intended to support climate-smart livestock pro-
duction by identifying resilient, high-quality forage options that reduce seasonal feed
gaps, improve productivity, and enable scaling across similar agroecological regions. By
evaluating UR, widely studied in Central and East Africa and South America, alongside
CG, which is broadly adopted across Africa but under-characterised in Nigeria, this study
provides comparative evidence to inform species selection and foster adoption among
smallholder farmers.

The on-station trial, conducted in the elevated, cool tropical environment of Jos in the
Northern Guinea Savanna, assessed the performance of UR and CG under cut-and-carry
management by measuring their morphological traits, biomass yield, and nutritive value.
The cut-and-carry system was selected because it reflects common smallholder practices
in Nigeria, where forages are harvested and fed to tethered animals during the rainy
season, when croplands dominate, and serve as vital supplements in the dry season, when
livestock depend on crop residues and fibrous forages. We hypothesised that UR, with
its higher reported CP and lower fibre content, would provide superior forage quality,
whereas CG, valued for its persistence and drought tolerance, would demonstrate greater
adaptability and stable biomass yields under local climatic conditions. By systematically
comparing these two key tropical grasses within the same agroecological setting, this
study provides context-specific evidence to support species choice, address seasonal feed
gaps, and advance climate-smart livestock production strategies for smallholder farmers
in Nigeria.

2. Materials and Methods
2.1. Study Site

The study was carried out at the Federal College of Forestry, Plateau State, Nigeria
(Figure 1). The experimental site is located at a high elevation (9◦56′44′′ N, 8◦53′32′′ E,
1200 m above sea level). The region is characterised by two distinct seasons, a dry and
a rainy season. The climate of the area can be classified as a cool tropical climate with
temperatures ranging from 15–27 ◦C during the rainy season and between 7–32 ◦C during
the dry season. Rainfall usually begins between late March and early April, peaks in July
and August, and gives way to the dry season, which typically commences in mid-October.
Rainfall and air temperature for the study period are presented in Figure 2.

 

Figure 1. Study site location as shown within Nigeria and Plateau State.
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Figure 2. Mean rainfall and temperature patterns for 2019–2021.

Entisols dominate the experimental area, occurring on hill and mountain crests, side
slopes, and upper foot slopes [24]. The soils are reddish in colour and support agricultural
activities in the region. However, they are characterised by low to deficient total nitrogen (N)
status, available phosphorus (P), and calcium (Ca) [24]. Soil analysis from the experimental
site indicated low fertility, with 0.43% nitrogen, 2.94% organic matter, and 6.52 mg/L P
with a pH of 5.84. These values are consistent with the typical soil conditions of the area.

2.2. Experimental Design and Grass Establishment

Two grass species, Urochloa ruziziensis (UR) and Chloris gayana (CG) variety Callide,
were evaluated between 2019 and 2021 for their morphological characters, dry matter (DM)
yields, and nutritional composition for livestock productivity. The field trial was conducted
using a randomised complete block design with four plots per species. Each plot measured
3 m × 2 m, with 1 m between plots and a 2 m spacing between blocks. Prior to sowing, the
experimental field was ploughed once and harrowed twice to prepare a clean seedbed. On
15 June 2019, seeds of both grasses were sown in rows spaced 50 cm apart and drilled at a
depth of 1 cm in a continuous flow. Seeding rates were 7.2 kg/ha for CG and 9.3 kg/ha for
UR, adjusted for seed size, weight, and purity following the recommendation of Karki [25].
Fertilisation regimes included an application of single super phosphate (16% P2O5) at
30 kg P/ha after tillage in the first year. Nitrogen was applied as granular urea (46% N)
fertiliser at 80 kg N/ha in 2019, in the year of establishment, and 120 kg N/ha in both 2020
and 2021 (Table 1).

Table 1. Schedule for fertilisation and harvesting.

Fertiliser/Harvests Quantity/
Number of Harvests

Year

2019 2020 2021

Fertiliser

30 kg P/ha 10 June - -
40 kg N/ha - 8 May 8 May
40 kg N/ha 7 July 7 July 7 July
40 kg N/ha 1 September 1 September 1 September

Harvests
1 - 10 June 10 June
2 5 August 5 August 5 August
3 29 September 29 September 29 September
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2.3. Biomass Yield Estimation and Morphology Evaluation

Grasses were harvested twice in the year of establishment (2019) and three times in
subsequent years (Table 1) to estimate biomass production. Harvests were carried out at
eight-week intervals within a growing season, and DM yield was determined for each cut.
For each harvest, plants were cut from a 0.7 m × 1 m strip in the middle row of each plot.
The harvested materials were oven-dried, and the results extrapolated to estimate total
plot yield. Crude protein yield and ME yield were calculated based on the CP and ME
contents. Additionally, at each harvest, ten plants (subsamples with plots) were randomly
collected from the middle row to assess morphological traits. The number of tillers per
tussock (NTPT) and the number of leaves per tussock (NLPT) were recorded. Here, NTPT
refers to the shoots emerging from the plant base, whereas NLPT denotes the leaves that
develop on those tillers.

2.4. Analyses of Nutrient Concentration

Samples from each harvest were oven-dried at 55 ◦C to a constant weight (≈3 days)
and ground to pass through a 1 mm. Crude protein was determined using the Kjeldahl
method 954.0–1954 [26]. Applying a nitrogen-to-protein conversion with a factor of 6.25.
Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analysed by hot de-
tergent digestion following Van Soest et al. [27]. Ash content was measured by loss on
ignition at 600 ◦C for 4 h (AOAC 942.05) [28]. Calcium (Ca) and phosphorus (P) were
determined using atomic absorption spectrophotometry of AOAC [29]. Metabolisable
energy (ME, MJ/kg DM) was estimated using the predictive equations by Chen et al. [30]:
ME = 46.93 − 0.52 × NDF (%).

2.5. Statistical Analysis

A repeated measures analysis of variance (RM-ANOVA) was conducted to assess
the main and interaction effects of species, harvest, and year on differences in morpho-
logical characteristics, yield, and nutrient concentrations between the two grass species.
Species, harvest, and year were treated as fixed effects, including all possible two-way
and three-way interactions (Species × Harvest, Species × Year, Harvest × Year, and
Species × Harvest × Year). Year was treated as a repeated measure with plots as a ran-
dom effect. Model residuals were tested for normality using the Shapiro–Wilk test with
Bonferroni adjustment, which indicated statistically significant departures from normality
for ADF, Ca, and P; however, Q-Q plots suggested the residuals were reasonably close to
normal, and Levene’s tests confirmed homogeneity of variances. Given these results and
the robustness of ANOVA to mild normality violations, the use of ANOVA is considered
appropriate for these variables.

All analyses were performed in R Studio [31] running R (4.3.2), and significant differ-
ences between means were declared at α < 0.05 and means separated using the Tukey post
hoc test were appropriate.

The model structure is given below:

Yijkm = µ + Si + Hj + Yk + (S × H)ij + (S × Y)ik + (H × Y)jk + (S × H × Y)ijk + Subjectm + εijkm

where

Yijkm = observation for species i, harvest j, year k, replicate/subject m;
µ = overall mean;
Si = effect of species i;
Hj = effect of harvest j;
Yk = effect of year k (repeated);
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(S × H)ij, (S × Y)ik, (H × Y)jk, (S × H × Y)ijk = interaction terms;
Subjectm = random effect for experimental unit (plot) across years (to model repeated measures);
εijkm = residual error.

3. Results
The results of RM-ANOVA for main effects and interactions are presented in Table 2.

The main effect of species was highly significant (p < 0.001) for all the variables except for
Ca concentration. Harvest effects were associated with significant differences for biomass
yield, ME yield, ME, CP, NDF, ADF, ash, Ca, and P concentrations for the main effect of
harvest. Significant year × species interactions were detected for ME, CP, NDF, ADF, and
P. Year × harvest interaction was significant for biomass yield, CP yield, ME yield, and
NLPT, while species × harvest interaction significantly influenced ME, CP, ADF, and P. A
three-way interaction (year × species × harvest) was observed only for ME concentration
(p = 0.040).

Table 2. Repeated measure ANOVA results comparing plant productivity, morphological, and
nutritional characteristics across grass species, harvest, year, and interactions.

Variables
Species Harvest Year × Species Year × Harvest Species ×

Harvest
Year × Species

× Harvest

F p F p F p F p F p F p

Morphological
characters
and yields

NTPT 171.9 <0.001 4.0 0.051 0.1 0.822 1.7 0.202 1.8 0.200 0.0 0.862
NLPT 482.8 <0.001 0.6 0.436 0.6 0.456 4.4 0.040 0.1 0.825 1.6 0.208

Biomass
yield 44.7 <0.001 19.2 <0.001 0.3 0.600 4.2 0.045 0.0 0.872 0.2 0.666

CP yield 104.9 <0.001 0.7 0.403 3.4 0.068 4.7 0.034 2.8 0.099 0.2 0.650
ME yield 98.6 <0.001 7.8 0.007 0.0 0.969 5.1 0.027 0.0 0.915 0.0 0.993

Nutrient con-
centrations

CP 442.6 <0.001 492.6 <0.001 40.8 <0.001 0.1 0.819 87.7 <0.001 0.0 0.914
NDF 863.2 <0.001 111.6 <0.001 10.9 0.002 2.1 0.156 0.6 0.432 0.0 0.947
ADF 318.2 <0.001 201.1 <0.001 4.3 0.043 1.7 0.197 58.2 <0.001 0.5 0.565
Ash 421.2 <0.001 55.9 <0.001 1.3 0.256 0.9 0.339 4.5 0.038 1.8 0.181
Ca 2.1 0.157 78.0 <0.001 1.9 0.169 1.0 0.334 0.7 0.393 3.6 0.063
P 144.1 <0.001 29.4 <0.001 10.4 0.002 0.1 0.758 20.5 <0.001 0.1 0.801

Abbreviations: CP, crude protein; ME, metabolisable energy; NTPT, number of tillers per tussock; NLPT, number of
leaves per tussock; NDF, neutral detergent fibre; ADF, acid detergent fibre; Ca, calcium; P, phosphorus; F, F-value;
p, p-value.

UR had significantly more tillers (+12.7) and leaves (+141.2) than CG (p < 0.001;
Table 3). Across years and harvests, UR produced 32.2% more biomass and 38.4% more
crude protein (CP) than CG (p < 0.001). By contrast, CG had lower concentrations of CP
(−19.4%), metabolisable energy (ME, −23.4%), and ash (−22.7%), but higher fibre fractions
(NDF and ADF) and phosphorus (P) (all p < 0.001).

Table 3. Main effect of grass species and harvest times on morphological characters, yields, and
nutritional concentrations.

Variables
Grass Species Harvest Times

UR CG 1 2 3

Number of tillers per tussock 24.2 a 11.5 b 20.5 22.5 17.4
Number of leaves per tussock 185.2 a 44.0 b 121.3 139.5 123.9

Biomass yield, t/ha DM 12.4 a 8.4 b 12.5 b 13.9 a 9.2 c
Crude protein yield, t/ha 1.3 a 0.8 b 1.1 1.3 1.1
Crude protein, g/kg DM 96.1 a 77.4 b 82.4 c 94.1 b 111.2 a

Metabolisable energy, MJ/kg DM 13.2 a 10.1 b 9.5 c 13.6 a 11.9 b
Neutral detergent fibre, g/kg DM 546.8 a 619.4 b 678.3 a 663.8 a 633.3 b
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Table 3. Cont.

Variables
Grass Species Harvest Times

UR CG 1 2 3

Acid detergent fibre, g/kg DM 326.0 b 377.0 a 422.6 a 410.3 a 362.5 b
Ash, g/kg DM 60.2 a 46.5 b 56.9 c 57.4 b 64.7 a

Calcium, g/kg DM 2.8 2.7 2.5 c 3.0 b 3.5 a
Phosphorus, g/kg DM 1.3 b 1.8 a 1.6 b 1.8 a 2.0 a

Means with different lowercase letters within a row differ significantly (p < 0.05). Abbreviations: UR, Urochloa
ruziziensis; CG, Chloris gayana.

Harvest effects were also present. Biomass yields peaked at harvest 2 and were lowest
at harvest 3 (p < 0.001). CP concentration increased over time, being 9.2% higher at harvest
2 and 25.8% higher at harvest 3 relative to harvest 1 (p < 0.001). ME concentration followed
a similar pattern, reaching 13.6 MJ/kg DM at harvest 2 and dropping to 9.5 MJ/kg DM at
harvest 1 (p < 0.001). Fibre fractions (NDF, ADF) declined from harvests 1 to 3, while ash,
Ca, and P increased (p < 0.001).

The interactions among year, harvest, and grass species for NTPT and NLPT are
visualised in Figure 3. Across all years, harvest 2 consistently recorded higher NLPT and
NTPT in each grass species. A significant year × harvest interaction (p = 0.040, Table 2) was
observed for NLPT, with the highest mean value in harvest 2 of 2020 (157.7) and the lowest
in harvest 3 of 2019 (109.5).

Figure 3. Number (n) of tillers and leaves per tussock from two harvests (2 and 3) in 2019 and three
harvests (1, 2, and 3) in 2020 and 2021 of Urochloa ruziziensis (green) and Chloris gayana (orange) Points
represent the mean and error bars represent 95% bootstrapped confidence intervals.

Similarly, biomass, CP, and ME yields were higher in harvest 2 of 2020 in both grass
species (Figure 4). A significant year × harvest interaction was observed for biomass yield
(p = 0.045), with the maximum yield recorded in harvest 3 of 2019 (16.8 t DM/ha) and the
minimum in harvest 3 of 2019 for CG (8.33 t DM/ha). Similarly, CP yield was significantly
affected (p = 0.034, Table 2), peaking in harvest 2 of 2020 (1.61 t DM/ha) and reaching the
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lowest value in harvest 3 of 2021 (0.91 t DM/ha). ME yield followed the same trend as
CP yield, with highest yield in harvest 2 of 2020 and lowest in harvest 3 of 2019 for CG
(p = 0.027).

Figure 4. Biomass, crude protein (CP), and metabolisable energy (ME) yields from two harvests
(2 and 3) in 2019 and three harvests (1, 2, and 3) in 2020 and 2021 of Urochloa ruziziensis (green)
and Chloris gayana (orange). Points represent the mean and error bars represent 95% bootstrapped
confidence intervals.

The ME, CP, and Ca concentrations consistently increased from harvest 1 to 3, while
fibre components (NDF and ADF) decreased from harvest 1 to 3 over the same period in
both grasses across all three years (Figure 5). Significant interactions were detected for
CP concentration between year × harvest and grass species × harvest (p = 0.001). The
highest CP concentration (111.3 g/kg DM) occurred in harvest 3 of 2020, whereas the
lowest (79.9 g/kg DM) was recorded in harvest 1 of 2021. In the grass species × harvest
interaction, CP concentration in harvest 3 of UR was 35.9% higher than the lowest value
(80.2 g/kg DM) observed in harvest 1 of CG. Across years, UR consistently showed lower
NDF and ADF concentrations than CG, with both fibre components declining from harvest
1 to 3 within each species.
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Figure 5. Metabolisable energy (ME), crude protein (CP), neutral detergent fibre (NDF), acid detergent
fibre (ADF), calcium (Ca), and phosphorus (P) concentrations from two harvests (2 and 3) in 2019 and
three harvests (1, 2, and 3) in 2020 and 2021 of Urochloa ruziziensis (green) and Chloris gayana (orange).
Points represent the mean and error bars represent 95% bootstrapped confidence intervals.
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In 2020 and 2021, CG recorded the highest values for NDF (714.8, p < 0.001) and ADF
(235.8 g/kg DM; p = 0.043), respectively, compared to the other year × harvest averages
(Table 2). Notably, a significant grass species × harvest interaction (p < 0.001, Table 2) was
observed in harvest 1 of CG (462.9 g/kg DM) and was lowest in harvest 3 of UR for ADF.

Calcium concentration was significantly influenced by harvest (p < 0.001), with higher
values in later harvests, but showed no significant differences between species, years, or
their interactions (Table 2). In contrast, phosphorus concentration was significantly affected
by species, harvest, and their interaction (p < 0.001), with generally higher values in CG
than in UR and an overall increase from harvest 1 to 3 (Table 2).

4. Discussion
4.1. Morphological Characters and Yield

Smallholder livestock farmers in Sub-Saharan African countries, including Nigeria,
often face low animal productivity due to inadequate feed resources. This study was
conducted in Nigeria’s Northern Guinea savanna region to investigate the yields and
quality of UR and CG as potential feed source options for farmers. UR has consistently
outperformed CG across all harvests, producing higher yields of biomass, CP, and ME
compared to CG. Additionally, UR also exhibited a higher density of tillers and leaves per
tussock, underscoring its potential as a superior forage resource for small livestock farmers
in the region.

Numerous studies have demonstrated that tiller number is a critical determinant of
forage grass yield [32–36]. Our findings support this, as UR consistently produced more
tillers than CG, which likely contributed to its higher biomass across all harvests and
years. Nonetheless, biomass production is also influenced by factors such as management
practices, variety, and the environment. Leaves generally contain more protein and less
cell wall content than stems, making them more digestible. The greater leaf number in
UR may therefore explain its higher concentration of CP compared to CG. Differences
in tiller and leaf numbers between grasses are largely attributed to genetic and species
factors, as reported in previous studies [36–40]. Both grass species persisted throughout
the three-year study without stand loss, demonstrating good adaptation to the Northern
Guinea Savanna environment. However, UR maintained a denser tiller and leaf population
than CG, reflecting stronger persistence under repeated cutting. These findings suggest
that UR may offer greater long-term stand stability for cut-and-carry systems in this region.

4.2. Nutrient Concentrations

The quality of forage strongly influences feed intake, growth, grazing behaviour, and
reproduction of ruminants, which, in turn, determines the economic returns, yield, and
quality of livestock products [41,42]. Among quality attributes, CP concentration is one
of the most critical indicators and is essential for ruminant nutrition [34]. The higher
CP concentration observed in UR may suggest superior forage quality compared to CG.
Previous studies have shown that later harvests can increase CP, energy, and ash while
decreasing fibre content [21,34,43], a trend consistent with our findings. This may be
attributed to the regrowth of young tissues following defoliation, which typically have
higher nutritional value [44–46]. The lower fibre concentrations in UR are likely due to its
higher leaf proportion relative to CG, since leaves generally contain less fibre than stems
and other structural plant parts [47].

In a meta-analysis, Jayasinghe et al. [48] reported the average nutrient and digestibility
of tropical grass species, representing 56 tropical pasture species and hybrid cultivars grown
in 26 different tropical environments across 16 countries. In this present study, the average
CP value of UR (9.61%) was slightly lower than the Urochloa genus average (10.9%) reported
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in that meta-analysis, whereas the CP of CG (8.93%) was notably lower than the Chloris
genus average (10.1%). For fibre fractions, the average NDF and ADF concentrations of CG
were higher than the reported tropical averages of 67.3% and 38.8%, respectively. Chloris
species are known to have greater ADF concentrations than most tropical species [48],
and our findings are consistent with this, as the ADF value for CG (42.4%) exceeded the
general tropical species mean (38.8%) but was comparable to the Chloris genus mean.
Differences between our values and those reported for other Urochloa and Chloris species
can be attributed to genotypic variation [49], whereas the divergence of CG values from
the broader tropical species averages is more likely attributed to species-specific responses
to management practices and environmental factors [50].

The significant Year × Species interaction effects observed for CP, ME, NDF, ADF, and P
concentrations indicate that the relative performance of UR and CG varied across years. This
highlights the influence of inter-annual weather fluctuation, such as rainfall distribution
and temperature shifts, on the nutrient dynamics of the two species. Rainfall was highest in
2019 and lowest in 2021, which likely contributed to the progressive decline in CP and the
corresponding increase in fibre fractions (NDF and ADF) over the three years. Abundant
rainfall in 2019 may have supported vigorous vegetative growth with higher leaf protein,
whereas the drier conditions in 2021 promoted slower regrowth, accumulation of structural
carbohydrates, and dilution of protein. Despite this trend, UR consistently maintained
higher CP and ME and lower fibre fractions than CG across years, demonstrating greater
resilience to seasonal rainfall variation. In contrast, CG exhibited sharper reductions in
CP and larger increases in fibre, suggesting that its nutritive value is more sensitive to
inter-annual climatic variation. Overall, these findings emphasise that while both grasses
show quality deterioration with stand age and rainfall decline, UR sustains superior forage
quality and stability, making it a more reliable option under variable climatic conditions.

4.3. Implications for Tropical Ruminant Production

According to the findings of this study, under a three-harvest management system
(following a two-harvest establishment year), UR can support a greater number of animals
than CG. This is evident from the higher biomass production (+21%) and CPY (+35%)
for UR compared to CG, suggesting that UR can support a greater number of animals
than CG. The concentrations of CP in the two grass species were above 8%, necessary for
adequate body maintenance and rumen microbial synthesis [51], provided other rumen
environmental factors are optimal. In terms of protein adequacy, the CP levels in both grass
species can meet the 9–10% required for tropical breeds and crossbred bulls, steers, and
heifers for body maintenance [52]. Although UR could occasionally meet the 10–12% CP
threshold required by dry tropical dairy cows (e.g., 11.1% at harvest 3), neither UR nor CG
met the 14–16% requirement during lactation as outlined by Moran [53]. These findings
highlight the necessity of protein supplementation to support milk production and animal
health when UR and CG serve as the primary feed resource for ruminants in this region.

Several studies [43,50,54] have reported that NDF concentrations exceeding 60% re-
strict forage intake and consistently reduce livestock productivity. In this present study,
CG exhibited an average NDF value of 71.5% (≈11.5 percentage points above the 60%
threshold), while UR averaged 63% (3 percentage points above the threshold). These results
indicate that both grasses may limit voluntary intake, with CG likely posing a greater
negative effect on animal performance.

Mineral elements are crucial for the growth, reproduction, and overall health of live-
stock, and deficiencies in dietary supply can reduce productivity. Ca and P are particularly
important for bone and tooth development and other physiological functions [55]. In this
study, Ca concentrations in the two forage species ranged from 2.8 to 3.5 g/kg DM, consis-
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tent with typical values for tropical forages [56]. However, these levels were slightly below
the recommended range of 0.38–0.8% for small ruminants in the tropics [57]. In contrast, P
concentrations were substantially lower than the 0.25–40% required to sustain growth and
normal physiological functions in small ruminants, as outlined by Rashid [57]. Moreover,
tropical breeds and crossbred bulls, steers, and heifers, on the other hand, generally require
even higher concentrations of Ca (4.4–5.34 g/kg DM) and P (2.2–2.92 g/kg DM) [58]. Given
the grass management system applied in this study, the mineral concentrations observed in
both species were below these recommended thresholds. Therefore, animals relying solely
on the two grass species would likely require mineral supplementation (e.g., block licks) or
inclusion of other feeds richer in minerals to achieve optimal productivity.

5. Conclusions
This study evaluated the biomass production and nutritive value of UR and CG under

cut-and-carry management in the Northern Guinea Savanna of Nigeria. UR consistently
outperformed CG in biomass and CP yields and metabolisable energy, indicating its potential
to support greater livestock productivity. However, the average CP concentration in UR (9.6%)
fell below the 10–12% requirement for dry tropical dairy cows and only reached this threshold
in specific harvests, while neither grass met the 14–16% requirement during lactation. In
addition, NDF concentrations in both grasses exceeded the 60% threshold that can restrict
intake, with CG posing a greater limitation. Furthermore, P concentrations and, in some
cases, Ca were below recommended levels for ruminant growth and physiological functions.
These findings indicate that UR surpasses CG in productivity and nutritive value, but the
practical utility of both grasses is limited by inadequate protein at key physiological stages
and by mineral deficiencies. Therefore, incorporating protein-rich forages or supplements
alongside mineral licks is essential to optimise livestock performance when these grasses
serve as primary feed resources in this region.
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